In fjord systems, Harmful Algal Blooms (HABs) not only constitute a serious problem when affecting the wildlife and ecosystems, but also human health and economic activities related to the marine environment. This is mostly due to a broad spectrum of toxic compounds produced by several members of the phytoplankton. Nevertheless, a deep coverage of the taxonomic diversity and composition of phytoplankton species and phycotoxin profiles in HAB prone areas are still lacking and little is known about the relationship between these fundamental elements for fjord ecosystems. In this study, a detailed molecular and microscopic characterization of plankton communities was performed, together with an analysis of the occurrence and spatial patterns of lipophilic toxins in a HAB prone area, located in the Southeastern Pacific fjord region. Microscopy and molecular analyses based on the 18S rRNA gene fragment indicated high diversity and taxonomic homogeneity among stations. Four toxigenic genera were identified: Pseudo-nitzschia, Dinophysis, Prorocentrum, and Alexandrium. In agreement with the detected species, liquid chromatography coupled with mass spectrometry revealed the presence of domoic acid (DA), pectenotoxin-2 (PTX-2), dinophysistoxin-2 (DTX-2), and 13-desmethyl spirolide C (SPX-1). Furthermore, a patchy distribution among DA in different net haul size fractions was found. Our results displayed a complex phytoplankton-phycotoxin pattern and for the first time contribute to the characterization of high-resolution phytoplankton community composition and phycotoxin distribution in fjords of the Southeastern Pacific region.
Introduction
Fjords are semi-closed coastal ecosystems and represent one of the most valuable systems on the planet, offering a wide array of ecosystem services to wildlife and humans (Iriarte et al., 2010) . Unfortunately, in the last few decades an apparent increase in the frequency and extension of coastal areas affected by toxic Harmful Algal Blooms (HABs), has occurred (Berdalet et al., 2017) .
The Southeastern fjords and channels from southern Chile comprise a vulnerable region for HABs and over the years have been characterized in terms of the composition of phytoplankton species (Alves-deSouza et al., 2008; Avaria, 2008; Avaria et al., 2003; Iriarte et al., 2001 ). However, plankton community structure at a high resolution, together with sufficient coverage for a comprehensive description of their diversity, remains largely unexplored. In this region, several classes of phycotoxins produced by phytoplankton groups and their associated shellfish poisoning syndromes have been documented (Alves-de-Souza et al., 2014; Blanco et al., 2005) . Phycotoxins consist of a broad spectrum of compounds, including the hydrophilic toxins domoic acid (DA) and paralytic shellfish toxins (PSTs), and the lipophilic toxins okadaic acid (OA), dinophysistoxins (DTXs), pectenotoxins (PTXs), yessotoxins (YTXs), gymnodimines (GYMs), azaspiracids (AZAs) and spirolides (SPXs) (Berdalet et al., 2016) . While PSTs are the longest known and best characterized phycotoxins, lipophilic toxins are more diverse and lesser studied. Phycotoxins are produced by several phytoplankton species, such as dinoflagellates (e.g. Alexandrium spp., Dinophysis spp., Karenia spp.) and diatoms (e.g. Pseudo-nitzschia spp.) (Rasmussen et al., 2016) , differing in their mode of action and poisoning syndrome to humans (Berdalet et al., 2016; Rasmussen et al., 2016) . In fjords of Tierra del Fuego, Trefault et al. (2011) several phycotoxins revealing the appearance of newly identified compounds, yet the spatial resolution applied was not enough for a complete description of the area nor the identification of the producer species.
Toxic HAB species detection has been traditionally made by direct microscopy observations -which cannot always be appropriate as toxic and non-toxic species can belong to the same genus with indistinguishable morphological features (Toebe et al., 2013) -and/or based on toxin detection. This later approach is based on modern analytical techniques, such as liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) (Hess, 2010) , which allows the detection of individual compounds, with specific toxicities (Krock et al., 2009a . On the other hand, studies utilizing Next Generation Sequencing (NGS) technologies offer an enormous potential for identification of (toxigenic) planktonic organisms due to their high resolution and coverage (Dzhembekova et al., 2017) .
The main aims of this work were (1) to obtain a deep coverage of the taxonomic diversity and community composition of plankton species, with a special focus on phytoplankton, in the area between the Strait of Magellan and the Cape Horn, (2) to characterize this HAB prone area in terms of its phycotoxin diversity, profiles and spatial patterns, and (3) to relate (phyto)plankton community composition with the identified phycotoxin profiles.
Materials and methods

Sampling procedure
Sampling was performed during the "CIMAR 16 Fiordos" expedition aboard the R/V "Abate Molina", from October 11th to November 19th, 2010, and included the fjords region between the Strait of Magellan and Cape Horn (Chile), with 17 sampling station ( Fig. 1 and Table S1 ).
Seawater samples (at 5 m, 10 m and 20 m depth) were collected from Niskin bottles. Aliquots of each depth were fixed and used for microscopy (see below). Additionally, duplicate surface seawater samples (5 L, 5 m depth) were pre-filtered through a 180 μm mesh and cells were retained on the 3 μm diameter pore polycarbonate filters (TSTP04700, Millipore, Ireland). One filter of each fraction was used for DNA analysis and the other for toxin analysis. Plankton cell concentrates were collected by vertical plankton net (23 μm) tows from a depth of 20 m to the surface. A total of 17 phytoplankton net samples were adjusted to a volume of 500 mL of filtered seawater. Two 250 mL aliquots were size-fractionated using a peristaltic pump (Masterflex 7553-85, Cole-Parmer, USA) and nylon filters of 180, 55, and 20 μm pore diameter (Millipore, Ireland) . One set of fractions was used for molecular analysis and the other for determination of toxin profiles. All filters were kept frozen at −20°C until further processing in the laboratory.
For qualitative plankton analysis by microscopy, plankton net aliquots of 50 mL were fixed with neutralized formalin (3% final concentration). For quantitative plankton analysis by microscopy, aliquots of 100 mL of each depth from the Niskin bottles were fixed with acidic Lugol's solution (1% final concentration). Samples for microscopy were kept in the dark until microscopy identification and quantification.
Oceanographic data
Water column temperature, salinity, and dissolved oxygen were routinely measured on each sampling station using a SeaBird 19 CTDO (Washington, USA). The data at 5 m depth are shown in Table S1 .
Microscopy
For qualitative plankton analysis, samples were visualized under an inverted microscope (40×, Olympus, CKX41) and relative abundance of toxic species was calculated. Cells of Alexandrium catenella, A. ostenfeldii, Dinophysis acuta, D. acuminata, Protoceratium reticulatum, Pseudo-nitzschia seriata complex and P. delicatissima complex were counted in 0.1 mL aliquots of sedimented sample, under an 18 × 18 mm cover slide (three replicates). Cell numbers were expressed in a ten-levels abundance scale (Table S2) , according to Guzmán et al. (2013) .
For quantitative plankton analysis, samples were enumerated with a light microscope (20×, Olympus, BX41) using sedimentation chambers with a volume defined based on the plankton density of each sample, according to Utermöhl (1958) . At least 26 cells of the dominant taxa were counted in one or more strips of the chamber. The whole chamber bottom was also scanned to count large and sparse species. Results were expressed integrating values from the water column between the surface and 20 m depth, as cell number per L.
DNA extractions
Filter-handling steps were performed under sterile conditions. Filters were cut into small pieces and incubated in lysis buffer (TE1x/ NaCl 0.15 M), with 10% SDS and 20 mg mL −1 proteinase K at 37°C for 1 h. DNA was extracted using 5 M NaCl and N,N,N- Fig. 1 . Map of the study site indicating sampling stations. Samples were taken in the fjords area between the Strait of Magellan (dashed grey line) and Cape Horn, at the continental margin of the South Pacific Ocean. Red circles indicate stations that were selected for molecular diversity and community composition analysis.
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) trimethylhexadecylammonium bromide (CTAB) extraction buffer (10% CTAB, 0.7% NaCl) incubated at 65°C for 10 min and protein removal was performed using chloroform-isoamyl alcohol (24:1) (Doyle and Doyle, 1987) . DNA was precipitated using ethanol at −20°C for 1 h. The DNA was assessed for integrity by DNA gel electrophoresis on a 0.8% agarose gel in TAE buffer (40 mM Tris-acetate, 1 mM EDTA, pH 7, 8), quantified using a Quantifluor (Promega) and Quant-iT Picogreen (Invitrogen), and stored at −20°C until further analysis.
PCR amplification and Next Generation Sequencing (tag sequences)
From the 17 sampling stations, six stations were selected for molecular diversity and community composition analysis based on a) toxin diversity: the number of different toxins found at each station (i.e., at least 3), b) the toxin concentration in each fraction and c) DNA availability. This resulted in a total of 13 samples for NGS analyses. For station E7, fractions analyzed were 55-180 and 3-180 μm; for E51 the fraction analyzed was 3-180 μm; for E27 and E59, fractions were 55-180 and 20-55 μm; and for E42 and E49, fractions analyzed were 55-180, 20-55 and 3-180 μm. For each sample, the 18S rRNA gene hypervariable region V9 was amplified using the 3-domain primer 1391f and the eukaryal specific EukBr primer (Amaral-Zettler et al., 2009) , following conditions from Earth Microbiome Project (EMP). Illumina primer constructs were obtained from EMP as well (Gilbert et al., 2014) . Amplicons were quantified using Q-PCR Library Quant Kit Illumina GA and sequenced using Illumina Miseq (Caporaso et al., 2012) . A total of 12 pM of qPCR quantified amplicons pool was sequenced using a 300-cycles Illumina Miseq kit. To increase the sequence detection probability from potentially toxigenic organisms that could be present at very low abundances, sequencing was performed at a high coverage.
Sequencing data analysis
Analyses of sequences were performed using the software Mothur (Schloss et al., 2009) . Sequencing reads were assigned to samples according to their barcodes and read 1 and 2 were assembled using make.contigs command. Primers were removed out of Mothur using Cutadapt (Martin, 2011) . Sequences less than 100 bp and above 200 bp long, with ambiguous nucleotides and homopolymers longer than 8 pb, were removed from further analysis, using screen.seqs. Alignment was computed using align.seqs with the recreated Silva SEED v119 (Quast et al., 2013) as references and sequences that fall out of the median distribution of the alignment were removed (start = 41,778, end = 43,116 , and minlength = 100). Chimeras were screened with chimera.uchime (Edgar et al., 2011) and removed from further analysis. An initial taxonomic classification was accomplished using classify.seqs against the Protist database version 4.1 (Guillou et al., 2013) , to allow removal of the undesirable lineage: taxon = Eukaryota; Opisthokonta; Metazoa. A distance matrix was generated using dist.seqs with a cutoff = 0.1. This distance matrix was given to the cluster command with a cutoff = 0.03 to generate 97% Operational Taxonomical Units (OTUs) similarity threshold, and their classification was accomplished using classify.otu first against SILVA database (data not shown) (Pruesse et al., 2007) and finally against Protist database version 4.1 (Guillou et al., 2013 ) using a label = 0.03. Rarefaction curves were obtained using the rarefaction.single command. Ecological indexes (Richness, Shannon's and Evenness diversity indexes) were obtained using summary.single. OTUs formed by 5 or less sequences were removed for further analyses with the remove.rare command.
Toxin extraction and LC-MS/MS analysis
Sample extraction for lipophilic toxin and DA analysis and mass spectral experiments were performed according to Krock et al. (2008) . Briefly, plankton concentrates were resuspended in 500 μL of methanol and transferred into a FastPrep tube containing 0.9 g of lysing matrix D. These samples were homogenized by reciprocal shaking at 6.5 m s −1 for 45 s in the FastPrep (Thermo Savant, Illkirch, France) apparatus, and subsequently centrifuged. The supernatant was spin-filtered (0.45 μm) and transferred into an autosampler vial for analysis by LC-MS/MS. Mass spectral experiments were performed on a triple quadrupolelinear ion trap hybrid mass spectrometer (AB Sciex, Darmstadt, Germany) coupled to a Model 1100 LC system (Agilent, Waldbronn, Germany). Separation of lipophilic toxins was performed by reversed phase chromatography on a C8 phase. The chromatographic run was divided into 3 periods: 1) 0-8.75 min for DA, 2) 8.75-11.20 min for GYM and SPXs and 3) 11.20-18 min for OA, DTXs, PTXs, YTX and AZA-1. Selected reaction monitoring (SRM) experiments were carried out in positive ion. Phycotoxins were quantified by external calibration against standard solutions obtained from the Certified Reference Material program of the Institute of Marine Biology of the National Research Council (IMB-NRC), Halifax, NS, Canada.
Similarity-based cluster and statistical analyses
A non-metric multidimensional scaling (NMDS) was performed to visualize the spatial distribution pattern of the sequenced samples at the genus and species level determined by NGS, after Hellinger transformation of the dataset. Permutational multivariate analysis of variance (PERMANOVA) was further applied to test whether sampling stations and/or fractions were significantly different. NMDS plots and PERM-ANOVA were computed based on the Bray-Curtis dissimilarity measure. A heatmap with hierarchical clustering was performed on DA concentration among fractions in each sample using d3heatmap (Cheng et al., 2016) and gplots (Warnes et al., 2016) packages. For this, DA concentration values were normalized (centered: subtracting the column means and scaled: dividing the centered columns by their standard deviations), and a matrix was constructed based on the Euclidean distances and clusterization following Ward method. A partial Redundancy Analysis (pRDA) was performed to examine the relative contribution of environmental variables (water column temperature, salinity, and dissolved oxygen) and geographical position on the DA concentrations. NMDS, PERMANOVA, similarity matrices, hierarchical cluster and pRDA were carried out using vegan package (Oksanen et al., 2016) under R language (version 3.3.0 R Core Team, 2014; Vienna, Austria). Only p < 0.05 were considered statistically significant.
Tag sequences accession number
Tag sequences have been deposited in the National Center for Biotechnology Information (NCBI) Short Read Archive (SRA) under the accession number SRX665285.
Results and discussion
Physical parameters
Physical parameters of surface waters (5 m depth) monitored at the stations of the study area were relatively homogenous ( Fig. 1 and Table  S1 ). The temperature range spanned over 2°C from 5.3°C at station E51 ( Fig. 1) up to 7.4°C at station E07. The salinity range was slightly higher ranging from 27.5 PSU at station E51 to 32.5 PSU at station E43. As expected, inner fjord stations with more fresh water input and lesser water exchange with open sea waters showed lower salinities than more marine influenced stations. Oxygen levels ranged from 7.1 mL L −1 at station E01, E03, E04, E25 and E52 up to a maximum of 8.1 mL L −1 at station E55.
Microscopy characterization of (phyto)plankton community
Phytoplankton net samples were analyzed under microscope for Avaria, 2008; Avaria et al., 2003) . P. seriata complex was the most frequently observed species -detected in 7 of the 16 analyzed stations -while A. catenella was observed in 6 stations. D. acuminata also occurred at 6 stations but only in rare abundances.
Phytoplankton composition determined by NGS
After quality filtering and pre-processing of the dataset, a total of 15,435,067 reads were obtained from 13 samples taken at six stations consisting of 3-180 μm fraction of surface seawater samples and/or the 20-55 μm and/or 55-180 μm fractions of net hauls samples. A summary of the sequencing data is shown in Table 2 . Rarefaction curves indicated that sampling size allowed deep coverage of plankton diversity (Fig.  S1 ). Diversity Shannon indexes ranged between 2.5 and 4.6, revealing important richness and evenness within samples. This was confirmed by evenness indexes between 0.3 and 0.6 (Table 2) . Overall, Stramenopiles, Alveolata and Archaeplastida captured most of the sequences, with relative abundances of 41.5% ± 20.2 (average by sample ± SD), 39.5% ± 18.5 and 12.7% ± 15 of total reads respectively. The percentage of unclassified OTUs (reflected as no blast hit) was unusually low (0.007%).
Concerning the heterotrophic community ( Fig. 2a ) important groups in marine systems were found: Fungi (41.5% ± 1.1 average by sample within heterotrophic community ± SD), for example, are highly diversified with filamentous, yeast and chytrid members described in parasitic associations with marine mammals or phytoplankton (diatoms and dinoflagellates) (Park et al., 2004; Richards et al., 2012) . Ciliophora (33.1% ± 2.5) was mostly represented by members of the genera Bryometopus, Strombidium and Mesodinium.This latter has been already described in co-occurrence with Dinophysis in a costal Inlet of Finland (Sjöqvist and Lindholm, 2011) and recently in the Chilean fjord of Reloncaví (Alves-de-Souza et al., 2014) . In addition, some stations presented important relative abundances of Cercozoa (between 6.7 and 32.5% of the reads). In this study, the predatory genus Cryothecomonas (10.8% ± 6.7 average by sample within cercozoan genera) was the second most abundant after Protaspa (data not shown). This element is noteworthy, given that a phagocytic activity against diatoms, particularly Guinardia, was reported in this group (Drebes et al., 1996) . In fact, Guinardia was also detected in our study ( Fig. 3b; 9 .5% ± 10.6 read average ± SD within diatom reads).
The analysis of photosynthetic community revealed two dominant Table 1 Relative abundance of toxic and potentially toxic species as determined by microscopy analysis. Values correspond to the scale of relative abundance estimation proposed by Guzmán et al. (2013) , where 0 = Absent; 1 = Rare; 2 = Scarce and 3 = Regular Species, see Table S2 for details. Sample E21 was not analyzed here. Toxicon 151 (2018) 5-14 taxa over all sampling stations, Dinophyta (40.6% ± 11.6 average within photosynthetic community ± SD) and Ochrophyta (36.8% ± 13.4) (Fig. 2b) , while members of Chlorophyta, unclassified Stramenopiles and Streptophyta represented 11.6%, 8.3%, and 2%, respectively. Within each of the above-mentioned phytoplankton groups, members of Dinophyceae (91.2% ± 1.4 average by sample), Bacillariophyta (87.3% ± 11.6), Mamiellophyceae (63.6% ± 26.8), MAST (49.1% ± 26.9) and Embryophyceae (98.2% ± 2.9) were the most abundant. Mamiellophyceae was mostly represented by the typical marine picoplanktonic genera, Bathycoccus, Micromonas and Ostreococcus, that have already observed in coastal areas worldwide (Vaulot et al., 2008) and also from the South Pacific Ocean (Vaulot et al., 2012) and Antarctic coastal waters (Egas et al., 2017) . While these genera were observed in all the stations and fractions, size overlapping may be associated to aggregation and/or particle attachment (Larsen et al., 2008) . Furthermore, their detection as prey DNA within higher size predators cannot be excluded (Massana, 2011) . Among MAST, members from sub-clades 1C, 9A and 12D were the most abundant.
Unfortunately, available NGS studies by this approach in fjord systems are still scarce to allow comparing our dataset to existing data. Metagenomic and tag sequencing approaches had been restricted to bacterial communities in microbial mats from Comau fjords in the Chilean Patagonia (Ugalde et al., 2013) or to phytoplankton communities from the arctic fjords using a different marker (LSU rRNA D1/D2 region) than our study (Elferink et al., 2017) . The microeukaryote diversity, found in the present study, was widespread among stations as found in surveys in other oceanographic regions (Amaral-Zettler et al., 2009; Pawlowski et al., 2011) . NMDS analysis performed at genus level (Fig. 2c ) revealed a statistically significant clustering of samples according to the sample type, i.e., seawater versus phytoplankton net samples (PERMANOVA, p = 0.01), without clustering by sampling station. This analysis was also performed separately among heterotrophic and photosynthetic genera, giving similar results (PERMANOVA sample type: heterotrophic p = 0.004; photosynthetic p = 0.007, data not shown).
As known toxigenic phytoplankton belong to taxa of Dinophyceae (dinoflagellates) and Bacillariophyta (diatoms), the most abundant genera of these two groups are shown in Fig. 3a and b, respectively. The majority of the sequences were assigned to specific genera with 78 dinoflagellates and 87 diatom genera identified. In the case of Dinophyceae, reads were assigned mostly to Karenia (34.4% ± 23.8 average of dinoflagellate reads by sample ± SD) and Alexandrium (19.2% ± 14.5) (Fig. 3a) , both known as toxigenic genera, however 14.3% remained as unclassified Dinophyceae. Regarding Bacillariophyta (Fig. 3b) , mainly two genera were the most prominent, Thalassiosira (44.8% ± 26.5 average of diatom reads by sample ± SD) and Chaetoceros (26.7% ± 25.9). Among the other detected toxigenic genera were Gonyaulax, Prorocentrum, Dinophysis, Karlodinium, and Pseudo-nitzschia (Table S4 ). The relative abundance of these OTUs, measured as number of assigned reads, was very low (in the range of 2.5% of total reads for Alexandrium and 0.2% for Pseudo-nitzschia), 
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Toxicon 151 (2018) 5-14 suggesting that these cells were present at very low abundances. NMDS analysis performed on dinoflagellate and diatom communities (Fig. 3c) , revealed a clustering of samples according to the sample type at the genus level, and this was statistically significant (PERMA-NOVA, p = 0.006). As in the analysis with the complete plankton community (see Fig. 2c ), no clustering was observed by sampling station. Similar results were obtained at the species level (data not shown).
Together, the utilization of microscopy and NGS based on the 18S rRNA gene V9 hypervariable region allowed us to perform a complete taxonomic characterization of the plankton community between the Strait of Magellan and Cape Horn. Knowing that identification and coverage substantially differ between both approaches, advantages and disadvantages of 18S rRNA based identification are taken in consideration here. Three important aspect concerning the use of 18S rRNA should be highlighted (1) the current sequencing fragment length (∼200 bp) still does not allow a complete coverage of the 18S rRNA gene and thus, taxonomic assignment should be taken with caution; (2) it is well knowing that for certain groups of phytoplankton, not just those that are toxic, the 18S rRNA does not have sufficient resolution for taxonomic discrimination between closely related species; and (3) the high variation of 18S rRNA copy number in marine phytoplankton species, varying from one to hundreds of thousands copies per cell (Zhu et al., 2005) . Probably these elements continue limiting the application of this methodology in routine phytoplankton analysis approaches (Dzhembekova et al., 2017) .
Phycotoxin profiles of field planktonic samples
Phycotoxins detected in surface seawater samples include the hydrophilic toxin DA and the lipophilic toxins, SPX-1 and PTX-2 (Fig. 4a) .
Other lipophilic toxins, such as YTX, GYM, OA and AZAs were not detected. PSTs were not analyzed due to low biomass availability. Detection limits of the analyzed toxins are listed in Table 3 . 
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Toxicon 151 (2018) 5-14 DA was the most abundant toxin − detected at most stations − with values between 1.1 and 240 ng L −1 (Table S5 ). In contrast, concentrations of the other phycotoxins detected proved to be one to three orders of lower magnitude (Fig. 4a) . SPX-1 was quantified with values between 0.58 ng L −1 at station E51 and 4.0 ng L −1 at station E59 (Table   S5 ). To the best of our knowledge, this toxin was detected for the first time in phytoplankton samples, both in the study area, as well as in the rest of the Chilean coastal and inland waters, although it was already founded in the bivalves Mesodesma donacium and Mulinia edulis from Northern Chile (Álvarez et al., 2010) . PTX-2 was also detected at low concentrations, in the range of 0.30 ng L −1 at station E49 and 3.8 ng L −1 at station E13 (Fig. 4a , Table S5 ).
To lower the threshold for toxin detection, net haul size fractionated samples (fractions 20-55 μm, 55-180 μm, > 180 μm), were also analyzed, allowing the detection of all the above-mentioned toxins, in addition to DTX-2, that was not found in the non-concentrated seawater samples. The levels of the distinct phycotoxins detected in the 20-55 μm fraction are shown in Fig. 4b , as almost all toxigenic species were retained in this size fraction. The absolute toxin amounts were far lower than those of DA and their occurrences were very variable among stations and size fractions, without clear pattern among size fractions (Table S5 ). In the case of DA, the highest concentration was found in the > 180 μm fraction (i.e. 8.4 mg net −1 in E27), although in the rest of the stations, the highest concentrations were found in the fraction of 55-180 μm. This suggests a trophic transfer from the producer organism to other planktonic species. Additionally, clogging of filters during filtration process and/or artifacts due to chains formation of Pseudonitzschia, cannot be neglected (Brewin et al., 2013) . For the rest of the identified phycotoxins the highest concentrations were generally found in the 55-180 μm fractions (Fig. S2) . Toxins detected in seawater samples (3-180 μm fractions) and 20-55 μm fractions of vertical net haul samples were consistent and generally indicated that stations close to Cape Horn have higher amounts and diversity of phycotoxins than those closer to Magellan Strait (Fig. 4) . It is important to note that unconcentrated seawater samples tend to have a bias towards higher abundant species. In contrast, vertical net hauls can be regarded as more representative for the water column, because they provide an integrative composition of the sampled water column, whereas water samples taken by Niskin bottles represent discrete depths. Plankton smaller than the mesh size of the net (usually 20 μm), however, do not get retained and this may explain the lack of AZAs, which are produced by a small sized dinoflagellate (Krock et al., 2009b) . Besides, plankton net hauls are not quantitative in a strict sense, because cell concentrations cannot be related to a certain seawater volume. For these reasons toxin data from net haul and seawater plankton of the same station may result in different compositions.
Cluster analysis based on size fractionated net haul DA concentration (an indication of trophic transfer), showed a relationship between DA concentration in the different fractions and the geographical position of the sampling stations (Fig. 5, see Fig. 1 for sampling stations location), with three well defined groups.
Stations that were closer to the Cape Horn grouped together (cluster A in Fig. 5 ), and stations more inside the Strait of Magellan formed another similarity group (cluster B in Fig. 5 ). Moreover, stations with a higher influence of oceanic waters, located further outside the fjord area, also clustered together (cluster C in Fig. 5 ). This clustering could be related with oceanographic differences among stations, however, available physicochemical data, i.e., temperature, salinity, and dissolved oxygen, as well as geographical position (Table S1) , were unable to explain the observed clustering (pRDA analysis p = 0.35 and 0.87 for environmental variables and geographic position respectively; data not shown). This suggests that probably other environmental parameters that were not measured here could be responsible for the observed pattern.
Identification of toxigenic species and correspondence with identified phycotoxins
Microscopy identification of toxigenic species globally agreed with our molecular results using 18S rRNA gene V9 hypervariable region (Table 1, Fig. 3 , and Table S4 ). In support to microscopy and molecular results, the chemical data revealed that the toxin amount in the same phytoplanktonic samples also were very low, confirming a non-bloom situation for all toxigenic species detected.
According to microscopy and NGS approaches, four toxigenic genera were identified: Alexandrium, Dinophysis, Prorocentrum and Pseudo-nitzschia. Consequently, the presence of the respective phycotoxins was confirmed by LC-MS/MS (Fig. 4 and Table S5), with exception of Prorocentrum, which is a known producer of OA and DTX-1. All toxigenic Prorocentrum spp. are benthic dinoflagellates (Lee et al., 2016) and rarely have been observed in higher abundances in the upper water column. This may explain the fact that the genus Prorocentrum was only detected by molecular methods and in low relative abundances (0.15% ± 0.1 average of the total reads by sample), without the presence of OA and DTX-1 in the field samples.
On the other hand, an important number of reads were affiliated with the genus Karenia, which resulted to be the most dominant genus within dinoflagellates, particularly K. mikimotoi, a known producer of GYM (Seki et al., 1995) (12.5% ± 14.5 average of total reads by sample). No microscopy observation of this genus was recorded, probably suggesting an inappropriate taxonomic assignment of the 18S rRNA sequence. This is also consistent with the fact that no GYM was detected at any station. The genus Alexandrium, second most abundant after Karenia within dinoflagellates, was detected by microscopy (only at two sampling stations) and NGS (at all analyzed stations and size fractions). Alexandrium is a frequent member of the phytoplankton community in the study area, responsible for the recurrent PSTs outbreaks with important social and economic repercussions (Guzmán et al., 2013) . The 18S rRNA NGS analysis showed A. ostenfeldii was one of the most abundant Alexandrium species. The marine dinoflagellate A. ostenfeldii is the only spirolide-producing organism known till date (Cembella et al., 2000; Kremp et al., 2014) . Accordingly, SPX-1 was detected and quantified in low concentrations. Until recently, SPX-1 was considered to be a phycotoxin exclusive from the Northern Hemisphere and New Zealand . But, trace amounts of SPX-1 had already been found in bivalve samples from Northern Chile, 30°15′S, 71°30′W (Álvarez et al., 2010) . In addition, A. ostenfeldii has been previously found in the study area (Lembeye, 2008 ) and a spirolideproducing strain of A. ostenfeldii was isolated from the Beagle Channel (Almandoz et al., 2014) . So, our results strongly suggest that this population could be toxic. However, a recently characterized A. ostenfeldii strain from Aysén region (Salgado et al., 2015) shown to produce only PSP toxins, pointing out that further studies on A. ostenfeldii in the fjords area are needed.
The genus Dinophysis was identified in all samples, represented by D. acuta and D. acuminata. It has been reported that D. acuta only produces PTX-2 northward of the 26ºS (Blanco et al., 2007; Fux et al., 2011) , and that this species is associated to DTX-1 at 53ºS of the Magellan Strait (Uribe et al., 2001 ). The second species, D. acuminata, has been associated to produce DTX-1 and OA at 46ºS (Zhao et al., 1993) , but its toxin profile at higher latitudes is unknown. Here, only DTX-2 was identified and quantified, without the presence of other analogues (Fig. 4) . In addition, DTX-1 was detected by Trefault et al. (2011) in planktonic samples only in the North-Western Magellan Strait, whereas PTXs were found along almost the entire Chilean coast, which argues strongly for at least two different toxigenic Dinophysis species being present in South East Pacific coastal waters. Latitudinal differences in toxin profiles in these Dinophysis spp. could be another possible explanation of this apparent incongruence, as has been reported for other sites (Fux et al., 2011; Pizarro et al., 2008) .
The genus Pseudo-nitzschia was also detected in all sequenced samples; this genus has a worldwide distribution and is known for producing DA with frequent blooms in the study area (Suárez-Isla et al., 2002) . Interestingly, the Pseudo-nitzschia spp. were detected in low abundances by microscopy and molecular analysis, but DA was the most abundant toxin found by LC-MS/MS. This is not surprising, because the genus Pseudo-nitzschia comprises of toxic and non-toxic species, which frequently co-occur (Lelong et al., 2012) . In addition, it has been shown that intracellular DA content is induced in Pseudo-nitzschia by the presence of copepods (Haroardóttir et al., 2015) . Moreover, interactions with inorganic compounds (i.e. iron, copper, silicate, phosphates and nitrates) have shown to affect the Pseudo-nitzschia growth and the intracellular DA content (Amato et al., 2010; Trick et al., 2010) . All these evidences further complicate a direct correlation between Pseudo-nitzschia and DA abundance.
In our best knowledge, this study corresponds to the only description of the plankton community composition by NGS combined with phycotoxins distribution using LC-MS/MS in this sampling area. After eight years of the sampling campaign that originated this dataset, is difficult to extrapolate to the current state of the community composition and phycotoxins. Several factors could be responsible of their variation over time, including temperature, salinity, and nutrient concentrations that are in turn dependent of precipitation, summer melting of adjacent glaciers, and river flow in fjord systems (Avaria, 2008) . However, in the context of Global Change we may expect that the increase of water temperature may enhance toxin production and/or growth of HAB species, as has been observed in Pseudo-nitzschia spp. and dinoflagellates. Similarly, anthropogenic influences (i.e., eutrophication, acidification) will likely affect plankton composition, phycotoxin profile, and their distribution in the coming years (reviewed by Fu et al., 2012) .
Overall, a good match among toxin-producing species and phycotoxin occurrence was found. Considering the methods applied, the combined approaches used here are still limited for several reasons: (i) toxin profiles are not known yet for all species, (ii) toxin profiles of a given species may vary significantly among different geographic regions, and (iii) relative abundances of taxa based on NGS constitutes a semi-quantitative approach (see above section 3.3). Nevertheless, a complex phytoplankton-phycotoxin pattern was evidenced and new perspectives arose from these findings: What if active microorganisms are targeted? Do the taxonomic diversity and phycotoxin patterns observed here exhibit a temporal variation? With the increasing technology advances of tag sequencing approaches (i.e., accurate copy number estimation and the use of more specific ribosomal marker genes) and the improvement of microbial eukaryotes databases, we expect that in the near future better matches between phycotoxins profiles and community composition will be possible. Thus, chemo-and genetic taxonomic markers would be useful for monitoring systems, alerting the emergence of toxic blooms.
Conclusion
This study integrates, for the first time, analyses of high-resolution phytoplankton community composition and phycotoxins distribution in fjords from the Southeastern Pacific region, one of the most intensive HAB areas at a global scale. Altogether, the results presented here reveal a complex phytoplankton-phycotoxin pattern. In one hand, high taxonomic diversity was observed across stations without any apparent spatial pattern of distribution. On the other hand, phycotoxins, particularly DA, showed a patchy distribution and despite good matches obtained when comparing toxin-producing species versus phycotoxin occurrences, no correlation between toxin amounts and relative abundance of the producer organism was found. This may suggest that the analysis of phycotoxins seems to be more accurate in capturing changes inside phytoplankton community, compared to microscopy and NGS (at genus and species level, respectively).
This study constitutes an instantaneous picture of plankton and phycotoxins composition in the area between the Strait of Magellan and the Cape Horn. Thus, a temporal analysis to evaluate the variability of both taxonomic diversity and phycotoxin, in time, should be performed subsequently. Furthermore, a complete analysis of the microbial community, including bacteria and viruses, will allow a better understanding of the complex relationship observed in this study.
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